Background: Handgrip strength is indicative of overall physical health and mobility in the elderly. A reduction in strength below a certain threshold severely increases the risk of mobility limitations and is predictive for adverse outcomes such as dependence in daily activities and mortality. An overview of age-and geography-specific handgrip strength values in older adults provide a reference for further investigations and measures in clinical practice to identify people at risk for clinically meaningful weakness. The aim of this study was to evaluate handgrip strength in the Swiss-German population aged 75 and over. Methods: In a cross-sectional study, maximal isometric handgrip strength of the dominant hand was evaluated in 244 Swiss people aged 75 years and over (62.7% women), with mean age (SD) of 84.5 (5.6) years in men and 83.1 (5. 9) years in women. Demographic data and information about comorbidities, medication, fall history, global cognitive function, self-reported physical activity and dependence in activities of daily living were collected, and correlated with grip strength measures. Age-and gender specific grip strength values are reported as means, standard deviations and standard error of mean. Results: Sex-stratified handgrip strength was significantly lower with advancing age in men (p < .01), from 37.7 (6.5) kg to 25.6 (7.6) kg and in women (p < .01) from 22.2 (4.0) kg to 16.5 (4.7) kg. Handgrip strength in our sample was significantly higher than in Southern European countries. Handgrip strength was independently associated with age, height and ADL dependence in men and women. Overall, 44% of men and 53% of women had handgrip strength measures that were below the clinically relevant threshold for mobility limitations. Conclusion: This study reports the age-and sex-stratified reference values for handgrip strength in a representative sample of the Swiss population, aged 75-99 years. Although grip strength decreased with advancing age in both sexes; the relative decline was greater in men than women. Nonetheless men had significantly higher grip strength in all age groups. While the Swiss population sampled had greater grip strength than that reported in other European countries, about 50% were still classified as at risk of mobility limitations.
Background
Muscle strength is an important determinant of healthy aging [1] . A reduction in muscle mass and strength is known to impair body function and can have substantial consequences directly for the individual but also for economic costs [2] . Impairment in body function initially results in difficulties in performing common daily activities such as carrying household items; however, once body strength drops below a clinically relevant threshold, mobility limitations increase and can affect independence in basic daily life activities [3, 4] . Loss of independence requires the support of care-givers and often leads to social withdrawal and negatively effects on wellbeing and quality of life [2] . Early detection of low muscle strength in the elderly may help identify those at risk of mobility limitations and apply interventions to avoid or slow down the spiral of negative outcomes.
Muscle deterioration in old age is primarily explained by neural and muscular decline due to the aging process and concomitant physical inactivity and malnutrition [1] . However, mobility-limiting muscle weakness can potentially be counteracted or improved through preventive exercise and rehabilitation respectively [1, 5] . Increased physical activity and resistance exercise have been shown to improve muscle strength and -function even in older people with severe disability [6] .
An easily applicable measure of muscle strength is a handgrip strength test. Maximal isometric handgrip strength, measured with a dynamometer in a standard procedure, has high to excellent inter-tester and test-retest reliability [7] . Low handgrip strength is indicative for decline of upper extremity strength [8] and lower extremity function [9] with high predictive value of adverse outcomes [10] . In clinical research, grip strength is often used in detection of age-related changes of muscle strength, associated with sarcopenia [11] and frailty [12] . Low grip strength is related to poor mobility of the elderly [13] and dependence in activities of daily living [14] , and even predicts decline in body function and mortality [10] .
Moreover, measurement of grip strength alone has been proposed to be a reliable marker of frailty [15] and has, in combination with gait speed, a positive predictive value of 87.5% to identify frailty [16] . Handgrip strength in older adults is considered a meaningful measure of current physical decline and future outcome by the World Health Organization [17] .
Theoretical models of demographic trends show an increasing average life expectancy in industrial countries [18] . Particularly the percentage of older adults over 65 years will expand, in Switzerland from 18% in 2015 to 26% in 2045, whereas the old and oldest old age group (75 years and over) will increase the most. 60% of the over 80 year olds in Switzerland seek private help or live in old peoples-or nursing-homes because of limitations in basic and/or complex activities in daily living [19, 20] .
The severity of consequences of age-associated muscle weakness provides significance to determine strength across all ages, particularly in the 75 years and over group. In this context, "hand-grip dynamometry can be considered a fundamental element of the physical examination of patients, particularly if they are older adults" [21] .
Although many studies have collected grip strength data in the elderly, only few have systematically assessed grip strength in the most advanced age groups spanning the range from 90 up to 100 years and over [22, 23] . To the best of our knowledge, so far only one study evaluated grip strength in the Swiss population [24] . Since average grip strength differs depending on geographic regions [25, 26] 
Methods

Study design
A cross-sectional study of handgrip strength involving older people living in two different urban regions (Basel and St Gallen) of the German-speaking part of Switzerland was undertaken. Recruitment targeted community-living elderly, as well as those dwelling in assisted living apartments, and residential aged-care/ nursing homes to ensure a broad representative sample of the general older population. Participants meeting the following inclusion criteria were eligible for the study: male and female adults aged 75 years or older, able to follow verbal instructions in German, able and willing to sign informed consent. Participants were excluded from the study based on the following criteria: self-reported upper extremity pain, aching or stiffness of the upper extremity on most days (over 50%) of the past month, injury or surgery or acute diseases of upper extremity within the past 6 months, and inability to follow the procedures of the study.
Sample size
Participant numbers (n = 240) were estimated a priori based on previously published grip strength data for Swiss older adults. The number would be sufficient to detect a 30% difference in grip strength for each 10-years age group cluster at an alpha (ɑ) level of .05 and with 80% power (β = .20).
Data collection and methods
Prior to data collection, research assistants at both study sites were trained in conducting the interview of the participants and in using the study equipment for measuring handgrip strength according to the study protocol. Factors previously shown to influence handgrip strength including demographic characteristics, medication and fall history, osteoarthritis of the hands, global cognitive function, physical activity and dependence in activities of daily living were also collected.
Information about the intake of sedative medication, fall history and osteoarthritis of the hands were selfreported by the participants.
Measurements of body height were made to the nearest centimeter with a stadiometer and body weight was measured to the nearest kilogram on a digital weigh scale.
Global cognitive function was evaluated with the Mini Mental State Exam (MMSE) [27] and expressed as a score out of 30. The MMSE has a reported sensitivity of 77% and specificity of 91% in detecting cognitive impairment in older, community dwelling, hospitalized and institutionalized adults [28] .
Independence in daily activities was assed via two questionnaires; the Barthel Index, which assesses basic activities of daily living (ADL) [29] , and the Lawton Scale which evaluates instrumental activities of daily living (IADL) such as telephone use, shopping and food preparation [30] . Both self-rated assessments are widely used in elderly cohorts and have been shown to have high levels of reliability (intraclass correlation coefficient and Cronbach's alpha 0.9) [31, 32] . The questionnaires were conducted as interviews and categorized participants as independent (when all activities were scored highest), dependent in IADL (when at least one complex activity was rated with 0 points) or dependent in ADL (when at least one basic activity was rated with less than maximum score).
Physical activity was assessed with the Freiburg Questionnaire of Physical Activity; a self-reported questionnaire comprised of 8 items evaluating occupational, household, and leisure activities during the previous 7-day/30-day period [33] . Energy cost per week was quantified using a specific coding scheme that classifies physical activity by rate of energy expenditure [34, 35] .
Handgrip strength was assessed using a hydraulic hand dynamometer (Jamar®) according to the standardized protocol recommended by the American Society of hand therapists [36] . The participant was seated in a chair without arm support, and with their hips flexed at 90°and feet resting on the floor. The elbow of the test arm was flexed to 90°, the forearm in neutral, and the wrist positioned at 15-30°of extension (dorsiflexion) and 0-15°of ulnar deviation. The examiner supported the base of the dynamometer for testing and the second smallest dynamometer handle position was used. Following a demonstration of the protocol, the participant was asked to squeeze the handle with as much force as possible for three seconds. Three repeated trials were recorded for both hands with a rest period of at least 15 s between trials. The maximum value of the three trials was used for analysis and data presentation. To enable comparison of results with those of other authors, the mean value of three trials was also reported. Hand dominance was self-reported by the participant based on their preferred hand use in activities including writing and brushing teeth, according to the Edinburgh Handedness Inventory [37] .
IBM SPSS Statistics, Version 23 was used for statistical analysis. Descriptive statistics for categorical variables were expressed in percentage frequency distribution, for continuous variables mean and standard deviation was used. Grip strength of the dominant hand (mean and maximum value of three trials) was reported as means and standard deviations (SD) and standard error of mean (SEM) for men and women by age group. Measures of handgrip strength controlled for height were also presented. Spearman's correlation coefficient and multiple regression analysis was used to calculate relationships of grip strength with demographic data and information about comorbidities, medication, fall history, global cognitive function, self-reported physical activity and dependence in activities of daily living. Multivariate analysis of variance with Bonferroni-adjusted post-hoc analysis was used to detect strength differences between age groups and sexes.
This manuscript adheres to reporting guidelines for cross-sectional studies [38] .
Results
A total of 244 participants were recruited in the period from June 2016 to march 2017, including 164 people from the canton Basel and 80 from the canton St Gallen. There was no statistically significant difference in mean age-and sex-stratified grip strength between the two sites (p = .24).
Characteristics of participants (62.7% female) and mean grip strength are shown in Table 1 . There were no differences between sexes for age, global cognitive function, dependence in activities in daily living, amount of people living in assisted-living facilities, taking sedative medication or experiencing a fall but males were significantly taller, heavier, stronger, more physically active and had less hand osteoarthritis than females.
Handgrip strength in men significantly correlated with age (ρ = −.41, p < .01), height (ρ = .31, p < .01) and ADL dependence (ρ = −.42, p < .01). After multiple regression analysis, all three variables showed independent association with grip strength, with a regression coefficient of −.4 for age in years and .3 for height in m and − 7.5 for ADL dependence. In women, handgrip strength significantly correlated with age (ρ = −.49, p < .01), weight (ρ = .20, p < .02), height (ρ = .30, p < .01) and ADL dependence (ρ = −.49, p < .01). After multiple regression analysis, only age, height and ADL dependence were independently associated with grip strength, with a regression coefficient of −.2 for age in years and .1 for height in m and − 2.8 for ADL dependence.
For presentation of handgrip strength results as reference values and to aid comparisons with previous research, mean as well as maximum values of three trials were given for participants categorized into age groups, with each group including at least 20 individuals: age groups 75-79 years, 80-84 years, 85-89 years and 90-99 years for women and age groups 75-79 years, 80-84 years, 85-99 years for men. Age distribution is presented in Tables 2 and 3 . Handgrip strength was calculated for men and women separately. Handgrip strength results in kg of male and female participants are presented with and without controlling the values for height (assuming all males and females had the same height within their respective groups) in Tables 4, 5 , 6 and 7, respectively. Unadjusted maximum handgrip strength is graphically shown in Fig. 1 .
Analysis of variance for maximum handgrip strength in men showed that age group 75-79 was significantly stronger than age group 80-84 (p < .01, 95% CI 4.3-13.5) and 85-99 (p < .01, 95% CI 3.9-13.0). Handgrip strength between age group 80-84 and 85-99 did not differ significantly (p = 1.0, 95% CI -5.1 -4.1).
Difference in mean handgrip strength between the youngest two age groups (75-79 and 80-84) was 8.9 ± 1.8 kg (23.6 ± 4.7%), and 8.4 ± 1.8 kg (22.3 ± 4.7%) between age groups 75-79 and 85-99.
In women, analysis of variance for handgrip strength was significantly higher in age group 75-79 than in the other three groups (80-84, p = .02, 95% CI 0.2-4.8, 85-89, p < .01, 95% CI 0.8-5.6; and 90-99, p < .01, 95% CI 3.4-8.2). Handgrip strength of age group 80-84 and 85-89 were significantly stronger than age group 90-99 (p < .01, 95% CI 0.9-5.5; p = .03,95% CI 0.1-5.0), but did not differ from each other (p = 1.0).
Difference in mean handgrip strength between the youngest two age groups (75-79 and 80-84) was 2.5 kg ± 0.9 (11.3 ± 4.1%), and 5.8 ± 0.9 kg (26.1 ± 4.1%) between the youngest and the oldest (75-79 and 90-99).
For identification of participants with clinically meaningful weakness, handgrip strength was classified in three categories: weak, intermediate and normal, according to cut-off values published by Alley et al. [3] . Allocation of participants to individual categories is presented in Table 8 . Men and women show equal percentage distribution for each category except for intermediate strength, where women were significantly higher. About 50% of both sexes have normal strength and 50% were categorised as having reduced strength (category weak and intermediate). The percentage distribution of participants living in assisted-living facilities did not differ between sexes but significantly differed between categories. In men and women, more people categorised as weak lived in assisted-living facilities than people with intermediate or normal strength.
Discussion
The present study evaluated handgrip strength in a sample of Swiss individuals aged 75 years and over to The old and oldest age groups are expected to increase the most; age-specific handgrip strength helps to identify individuals with low strength and to plan specific preventive health services to lower the risk of mobility limitations and dependence in activities of daily living. Compared to grip strength data of a previously published Swiss sample (up to 85 years of age) [24] , the older people in our study presented with comparable strength values (mean of three trials) in all age groups, except from women aged 75-79 years who were significantly weaker in the present study. Where Werle et al. included community-living older adults and elderly living in senior residences, our sample included nursing home dwellers as well. It is possible, therefore, that our sample had a lower level of physical condition than participants in the Werle et al. study. Therefore, handgrip strength could be expected to be lower in our sample as seen in women aged 75-79 years. The age group 85+ reported in the study of Werle et al. could not be compared to our sample since information on average age of their 85+ cohort was not provided.
In comparison to handgrip strength values published by other authors who included a random sample of the general nonagenarian population [22, 23] , mean handgrip strength of the 90-99-year-old participants were significantly higher than in Southern France and Italy. These findings are consistent with previous comparisons among different European countries showing a North-South slope [22, 25] . Contrasting our results of the oldest women with studies of two cohorts from Denmark (women mean age 100 years, 92-92 years respectively) who included volunteers of oldest old people registered in the national civil registration system [22, 23] , women of our Swiss sample were significantly stronger. The difference could be due to variances in mean age, with women of one Danish cohort being 7 years older on average, as well as due to higher percentage of the participants living in assisted living facilities/nursing homes in both Danish samples (30.6% [22] and 47.6% [23] versus 8.4% in our sample).
The differences in age-and gender-specific grip strength among different countries likely vary due to e.g. birth weight, lifestyle and health care in the elderly [25] . In the Swiss population, these factors are above average on international comparison, which might contribute to the higher grip strength observed in the elderly Swiss. More specifically, the average birth weight (3.3 kg) of Swiss newborns in 2016 [39] corresponds with the average value of international standards for newborns [40] . However, at 83.3 years, the Swiss population had the second highest life expectancy at birth in 2016 [41] . Moreover, 56% of the population aged 75 years and over met the WHO-recommendations for physical activity in 2016, and therefore were within the highest quartile of the prevalence range (20-60%) of physical activity in older adults [42] . Remarkably, Switzerland has the highest social and economic wellbeing of older people worldwide, considering income and health status, education and employment, and enabling environment [43] , which may be important preconditions for remaining active in old age.
Another finding of our study, consistent with previous research in the elderly [14, 25] , was that handgrip strength in men and women was independently associated with age, height and ADL dependence. Handgrip strength did not correlate with Body Mass Index (BMI), probably owing to homogenous BMI values across sexes and age groups. Since percentage of muscle and fat mass was not specified in the study participants, no conclusion about association between Handgrip strength is presented as maximum value of three trials and mean value of three trials ± SD Handgrip strength is presented as maximum value of three trials and mean value of three trials ± SD Handgrip strength is presented as maximum value of three trials and mean value of three trials ± SD (SEM -standard error of mean) [44] and less dependent in daily living [23] . As more women of the oldest age group in the current study were dependent in daily activities than men (51% of women, 10% men), it would appear that absolute strength rather than relative grip strength reduction may be more important for remaining independent in daily living in the elderly.
To identify people with a clinically meaningful reduction in handgrip strength in our sample of Swiss older adults, we applied cut-off values for detection of people at risk for mobility limitations, associated with sarcopenia/ dynapenia [2, 3] . According to cut off values published by Alley et al. [3] classifying people as weak (grip strength less than 26 kg for men and 16 kg for women), 22.7% male and 18% female participants in our sample were in this category. These individuals have a 7.6 (men) and 4.4 (women) times increased risk for mobility limitations, compared to older people with normal strength. In addition, 35.3% of the women and 21.6% of the men had "intermediate strength" (cut-off thresholds of 32 kg in men and 20 kg in women), with concomitant 3.6 (men) and 2.4 (women) times higher risk of impairment compared to older adults with normal strength values.
In total, the percentage of participants with reduced strength according the proposed thresholds is 44% in men and 53% in women. Comparing the men and women with normal strength to the at risk of mobility limitation groups regarding dependency in daily living, those with normal strength were more than 2-5 times less likely living in a care home facility.
Even though cut-off values are not confirmed to be valid in detecting mobility limitations in the Swiss population yet, these results might give insight into current physical health and might indicate future need for help and care in the Swiss population.
In this study, handgrip strength was evaluated in two urban regions of German-speaking Switzerland with comparable handgrip strength observed at both sites. The age-and gender-distribution, as well as the percentage of people dependent in daily activities, were comparable with the Swiss population of the same geographic region [19, 20] . Hence, grip strength values reported in this study are likely representative of the urban, German-Swiss population. We cannot rule out, however, that handgrip strength may differ in French-, Italian-and Romansh-speaking areas of Switzerland.
Limitations
This study recruited people from urban rather than rural areas of Switzerland. As people from rural backgrounds have been shown to have greater grip strength than those from urban environments [45] , reference values in this study may be viewed as lower estimates of grip strength in the Swiss population. It is noteworthy, however, that our data are comparable with previously published grip strength in Swiss adults (aged 75-85) which included urban, suburban and rural populations.
Secondly, our study included people of various health status. Grip strength differences between men and women might therefore be different to results of other authors that included only healthy people [24, 46] , since 
Conclusion
This study reports the age-and sex-stratified reference values for handgrip strength in a representative sample of the Swiss population, aged 75-99 years. Grip strength decreased with age in both sexes with the relative decline being greater in men than in women. Nonetheless, men had significantly higher grip strength values in all age groups.
While the Swiss population sample had a greater grip strength than that reported in other European countries, 44% (men) and 53% (women) were still classified as being at risk of developing mobility limitations. 
